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Abnormal hemodynamic responses during supine exercise
have been well documented in orthotopic cardiac transplant
recipients . To determine the effect of posture, central
hemodynamics were studied in 20 patients during a change
from supine 1o silting and during graded upright bicycle
exercise (group U) and were compared with those of 20
patients matched for age, gender and time from transplan .
tation who were studied after passive leg elevation and
during exercise in the supine posture (group S) .
Passive leg elevation resulted in a 9% increase in stroke
index (34 2 6 to 37 ± 6 ml(m', p < 0 .0011 and a 10%
Increase in cardiac index (3
.1 ± 0,4 to 3,4 x 0.5 literslmin
per in', p < 0.001) in group S patients compared with a
15% reduction in stroke index (34 ± 7 to 29 ± 6 mtm',
p < 0.001) and a 9% decrease in cardiac index (3 .2 ± 0.6
to 2.9 ± 0 .5 liters/min per m
a , p < 0 .001) in group U
patients on assuming the silting posture. Likewise, both the
pulmonary capillary wedge pressure and right atrial pres-
sure increased significantly (13 t 4 to 17 ± 8 mm Hg, p <
After cardiac transplantation the hemodynamic responses
during supine exercise have been well iocumented (1-4) .
Prompt and marked elevation of both right and left ventric-
ular filling pressures has been reported, associated with a
somewhat less than normal increase in cardiac output at
peak exercise (1,5) .
These observations have been attributed
to the effects of cardiac denervation, a mismatch of donor
and recipient cardiac size, myocardial fibrosis resulting from
rejection and graft vascuhu disease (1-4 .6).
Although observations in the upright posture would be
more representative of usual physical activity, the hemody-
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0 .001 and 5 x 3 to 7 ± 3 mm Hg, p < 0.001) with passive
lei; elevation in group S and decreased on sitting 112 ± 6 to
8±5mmHg,p<0 .001and5±3to3±2,p<0.0011Ia
group U . Exercise heart rate was slow to rise in birth
pnitures and peak heart rate did not differ significantly in
the two groups . Stroke index and cardiac index increased to
a greater extent in group U during early exercise and, as a
result, n-re not different in the two groups at peak exercise
.
However, pulmonary capillary wedge pressure was 69%
higher 127 ± 7 versus 16 ± 7 mm Hg, p < 0 .0001) and right
.trial pressure 67% higher (I5 ± 5 versus 9 m 5 mm Hg,
p < (1.000i) at peak exercise in the supine posture, although
the absolute increase was similar in both groups .
The marked increase in ventricular filling pressures
during exercise and the differences between supine and
upright exercise imply an abnormal left-shifted and steep
diastolic pressure-volume relation in the transplanted
heart.
(J Am Coll Cardinl 1990;16:1367-73)
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namic responses to upright exercise have not previously
been reported in heart transplant recipients . To characterize
cardiac filling pressures
. particularly in the setting of an
initially low preload (sitting posture), we studied central
hemodynamics during a change in position from supine to
sitting and during upright bicycle exercise in 20 healthy
ortholopic heart transplant recipients treated with cyclospo-
rine
. Results were compared with those of 20 heart trans-
plant
recipients
matched for age . gender and eme from
transplantation studied during passive leg elevation and
supine bicycle exercise .
Methods
Patient demographics . Patients studied during upright
exercise (group U) consisted of 20 survivors (I8 men, 2
women) of arthotopic cardiac transplantation
. Their mean
age was 50 years (range 26 to 63)
. Twenty patients studied
0735-109719043 .50
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during supine exercise (group 5) were randomly selected
without knowledge of patient identification from a series of
patients in whom supine exercise hemodynamics were rou-
tinely determined as part of their follow-up after transplan-
tation . Patients from group S (mean 49 years, range 24 to 64)
were matched with those in group U on the basis of gender,
age and time from transplantation . In both groups 6 patients
were studied 3 months after transplantation and 14 patients
were studied 12 months after transplantation . No patient in
either group had evidence of graft rejection that required
modification of immunosuppressive therapy at the time of
study. Total graft ischemic time was similar for both groups,
214 ± 118 min in group U and 175 ± 75 min in group S (p =
NS) . Patients in group U had experienced 0.6 ± 0 .7 episodes
of rejection up to the time of study and those in group S,
0.9 ± 1 .1 episodes (p = NS).
Fourteen patients in group U were being treated for
hypertension at the time of the study. Six patients were
receiving an angiotensin-converting enzyme inhibitor, eight
patients were treated with a calcium channel blacker, and six
patients were also receiving a diuretic . Similarly, in group S .
13 patients were receiving antihypertensive treatment : 5
with an angiotensin-converting enzyme inhibitor, 5 with a
calcium channel blacker and I I with a diuretic . Antihyper-
tensive medications were not routinely withheld at the time
of hemodynamic assessment. All patients gave informed
consent for endocardial biopsy and rest and exercise hemo-
dynamic evaluation
.
Immunosuppressive therapy . Long-term immunosup-
pressive therapy consisted of administration of cyclosporine
and prednisone in bo'h groups
. Toe mean daily prednisone
dose fur the whole group of patients under study was tapered
from 1 mg/kg body weight perioperatively to approximately
0.2 mg/kg by 3 months and 0
.07 mglkg (usually 5 mg/day) by
I year. The cyclosporine dose was adjusted to maintain
levels of 100 to 200 ng/ml by the whole blood monoclonal
radioimmunoassay
. Azathioprine was added to the immuno-
suppressive regimen only if there was steroid-resistant re-
jection, an abnormal lymphocyte cross match or develop-
ment of significant renal dysfunction . Twelve patients in
group U and 5 patients in group S were being treated with
azathioprine at the time of the study .
Hemodynamic measurements
. As part of routine assess-
ment, after cardiac transplantation, right ventricular en-
docardial biopsy was performed through the right internal
jugular vein and a flow-directed thermodflution catheter
was advanced into a branch of the right pulmonary artery
and positioned so that inflation of the balloon with I cc
of air would result in a satisfactory pulmonary artery
wedge pressure tracing. Pressure measurements were ob-
tained with use of Hewlett-Packard 1290 A fluid-filled pres-
sure transducers interfaced with a Hewlett-Packard 8805 D
pressure monitoring system. Pressure data were recorded
for analysis on heal-sensitive paper with a Hewlett-Packard
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7760 A recorder. Pressure transducers were positioned
at the level of the midaxillary line for patients studied
supine and at the level of the fourth intercostal space at the
right sternal border for those studied in the sitting position
(3,7). The recorded pressure data included the pulmonary
artery (PA) systolic, diastolic and mean pressures ; mean
pulmonary capillary wedge (PCW) and right atria) (RA)
pressures ; and arterial blood pressure taken by an automated
sphygmomanometer (Dinamap). Mean arterial blood pres-
sure (BP) was calculated with the formula : mean BP =
diastolic BP + VS (systolic BP - diastolic BP) . Cardiac
output (CO) was measured by thermodilution with a Critikon
cardiac output computer . Cardiac output measurements
were performed in duplicate or triplicate to obtain values
in agreement by ±10%
. Both cardiac output and stroke
volume were corrected for body surface area and are re-
ported as the indexes. Systemic vascular resistance (SVI)
was calculated with the formula: SVR = (mean BP - RA
pressure)/CO. Pulmonary vascular resistance (PVR) was
calculated with the formula: PVR = (mean PA pressure -
PCW pressure)/CO.
Exercise protocols. For the supine exercise protocol,
baseline hemodynamic measurements were obtained with
the patient supine and were repeated with the legs passively
elevated on the ergomete. foot pedals . Exercise was begun
at a 25 W work load . The work load was increased an
additional 25 W every 3 min until exercise was terminated at
the point of fatigue. After 2 min in each exercise stage,
hemodynamic measurements were repeated in the following
sequence : pulmonary artery phasic and mean pressures,
mean pulmonary artery wedge pressure, right atrial phasic
and mean pressures and cardiac output. The heart rate was
recorded at the time of cardiac output determination . Hemo-
dynamic measurements were repeated 2 to 3 min after
completion of the exercise protocol with the feet extended
upward .
For the upright exercise protocol, baseline hemodynamic
mesurements were obtained with the patient supine and
again in the sitting position with the feet on the upright
bicycle ergometer pedals
. The exercise protocol thereafter
was identical to that described earlier, including hemody-
namic measurements
.
Data analysis. Data are expressed as mean values ± I
SD . The highest exercise stage attained by each patient was
defined as peak exercise. Within each group hemodynamic
changes that resulted from a change in posture (legs down to
legs up or supine to sitting) were assessed by twmailed
paired r testing . Likewise, within each group, changes from
baseline to each exercise stage were evaluated by two-lailed
paired t testing
. Differences between groups were assessed
by two-tailed unpaired i testing . A p value <0.05 was
considered significant.
Results
Exercise duration
. The mean exercise duration for group
S patients was 9.6 ± 3 .0 min (range 6 to 18) . Two stages were
completed by 4 patients ; three stages by 11, four stages by 3
and five and six stages by 1 patient each . Among group U
patients the mean exercise duration was 10
.1 ± 3.0 min
(range 3 to 15)
.
One stage was completed by I patient, two
stages by 3 patients, four stages by 10 and five stages by I
.
Rest henodyaamles. There was no significant difference
between groups with respect to any of the hemodynamic
variables at rest (Table 1). Systemic hypertension was prev-
alent in both groups
. Seventy percent of patients in group S
and 75% of patients in group U had a supine rest blood
pressure > 140/90 mm Hg.
Postural changes (Table 1) . Passive leg elevation resulted
in a significant increase in cardiac index and stroke index and
all central pressures increased slightly but significantly
. The
heart rate did not,ohange significantly . A change in posture
from supine to siting erect on the bicycle ergometer resulted
in a significant decrease in cardiac index and stroke index as
well as in a significant decrease in central pressures and also
'p < 0 .001 versus supine ; tp < 0.01 cirrus supine. Data are mean values ± I SD. In group S (n = 201 hemodynamics were measured supine . with passive
leg elevation and during supine coercive: in group U (n =20) hemodynamics were measured supine, while sitting and during upright
e xercise. PA = pulmonary
artery; PCW =
pulmonary capillary wedge : PVR = pulmonary vascular resistance : RA = right aerial; SVR = systemic vascular resistance .
resulted in a significant increase in rest heart rate (Fig . 1) . In
group U patients a modest but significant relation between
the postural drop in pulmonary capillary wedge pressure and
the initial supine rest value was documented (Fig . 2). A
similar relation was observed between the extent of postural
decrease in
right
aerial pressure and the supine rest right
atrial pressure (r = 0.53, p = 0.02)
.
Exercise responses (Table 1, Fig. 1). Heart rote increased
slowly in both groups of patients and was similar at peak
exercise . A greater increment in the stroke index was
observed among group U patients during the first stage of
exercise (+344$ versus +11% in group S)
. By peak exercise,
however, there was no difference between groups . I
.1-vise,
although a greater change in cardiac index was observed
among group U patients during the first stage of exercise,
peak cardiac index was not significantly different
. Among
group U patients pulmonary wedge pressure increased im-
mediately with exercise, continued to rise throughout exer-
cise and fell promptly after termination of exercise
. The
direction and extent of the changes were similar in the two
exercise groups ; however, the absolute values in the upright
JACC Vnl. 16 . No. 6
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Table E . Hemodynamic Responses to Postural Change and Exercise in 40 Transplant Reel nients
Study
Group
Baseline
(supine)
Log Elevation
Versus Sitting
Stage I Stage
2 Pea% Recovery
Heart rate (bealslrain)
Group S 93 x 13 93 x 13 100 x 13 112 x 16 125 x 16 112 V 12
pval, NS NS NS NS NS 0 .05
Group U 95 - 13 101 - 1" 100 x 14 113 - 13 129 *_ IS 120 *_ 12
Mean anerial blood Group S 113
.
10 115
	
14 120 - 13 124 - 13 129 -- 11 117 - 13
pressure (mm Hg) p value NS NS 003 NS 0.01 NS
Group U 114 - 14 112 - 14 110 - 12 116
x
13 119 ^_ 12 109 x 12
Cardiac index Group S 3 .1 x 0.4 3 4 •_ 0.5' 4 .1-06 5.0'_0 .6 6.1 4.3`0.5
(literslmin per mt) p value NS
0.005
NS NS NS 0 .001
GroupU 3 .22±0.6 2_9605' 42-0
.7
4 .8!0 .8
5
.9±1.1 ;.5x0.8
Stroke index Group f 34 x 6 37 x 6' 41-8 45x9 49x12
39x6
(mtm) pvalue NS D .002
NS NS NS 0.9001
Group U 34 ! 7
29 x 6' 39'_8 43x9 46010 29!6
Mean PA press., Group S 20
3 6 24 * 7- 30x8 35x8 39x3 27±8
(min Hg) p value
Group tl
NS
21'_6
NS
20-6
NS
29 - 7
NS
30- 8
NS
35 x 10
NS
25 _ 7
Mean PCW pressure
Group S 13 x 4 17 3 e' 22 37 25x8 27 *_7 16_7
(mm Hg) p valve NS
0.0001 0.0002 0.000! 0.0001 0.0001
GroupU
12±6 8351 13x6 15x7 16_7 3-4
Mean RA pressure Group
S 5- 3 7- 3- 11x4 13x5 15x5 7x4
(mm Hg) p value NS 0.0901 4 .0001 0.5)01
0
.0001
0
.01%
GrupU 533 362' 6x4 8x5 9-5 4x4
PVR (Wood units) Group S 1 .4 3 0.9 1 .3 x 0.8 1 .2 0.6 1 .0x0.5 1 .1_0.5 1 .460.6
p value NS 0.902 0.0004 0.001 0.907 0.0001
Grant, U 1 .6x0 .6 2.2303' 1 .9-_0 .6 1 .7x0.7 1 .8±0.8
5-0
.9
SVR (Wood units) Group S 19.2 x 3 .7 18.2 ± 4 .3t
15.033 .5 12.432.5 10.7_3.0 14.1-2.6
pvalue NS NS N5
NS NS NS
Group U 17.9 3 3 .6 19 .9 - 4
.dt 13.0x3 .4
11
.4x2 .7 9.7x2.1 15 .7*_3.6
1370
	
RUDAS ET AL .
TRANSPLANTHEMODYNAMICS
T
d
-10
Supine Apostate EsI Peak Rwsven
v
Figure 1 . Absolute change (mean values ± SD) in hemodynamic
ariables resulting from a change (A) in posture (supine to sitting
versus leg elevation) and during dynamic bicycle exercise. Ext =
exercise stage I, kWh = pulmonary capillary wedge pressure,
RAP = right atria) pressure .
posture were significantly lower at each exercise stage and
during recovery in group U compared with group S patients .
Similar marked absolute increases in right atria] pressure
were noted during exercise and, again, values among group
Figure 2 . Relation of the supine pulmonary capillary wedge pres-
sure (PCWP) at rest to the absolute change (A) in pulmonary
capillary wedge pressure on assuming the sitting position .
JACC
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U patients were significantly lower at each exercise stage .
Pdlmonavy artery pressure was lower in ;group U patients
throughout exercise ; the directional change was parallel in
the two groups . The rise in systolic blood pressure was more
marked during supine exercise and a slight but significant
difference between the two groups was noted at peak exer-
cise (186 ± 16 mm Hg in group S versus 169 ± 25 mm Hg in
group U, p < 0
.02) and persisted during the recovery phase .
There was no difference in the diastolic blood pressures .
Discussion
In this study ventricular filling pressures after cardiac
transplantation were found to be significantly lower at rest
and during exercise in the upright posture but, as previously
reported (3), abnormally high pulmonary wedge and right
etch) pressures were documented during supine exercise .
The cause of the rise in filling pressures during exercise in
transplant patients is not well understood ; however, the
current observations help to further characterize these
ab-
normalities.
Hemodynamic responses to changes in posture. In normal
subjects assuming upright posture results in peripheral
venous pooling with a resultant decrease in venous return,
stroke volume and ventricular filling pressures . In studies of
healthy untrained subjects (7-10), the transition from supine
IACC Vol. I6, Ne. 6
November 1 5. 1990:1357_73
to sitting position resulted in a 15 % to 19% increase in heart
rate, a 21% to 4e% decrease in stroke volume and a 10% to
26% decrease in cardiac output
. In contrast to findings in
normal subjects, venous return is relatively independent of
postural changes in patients with advanced congestive hear,
failure (11), presumably because of reduced venous compli-
ance (12,13) . In the group of cardiac transplant patients
under study. the drop in cardiac index and stroke index on
assuming the sitting position was intermediate to that re-
ported for normal subjects and patients with congestive
heart failure. We and other investigators (14,15) have found
that the impaired vasodilation seen in patients with conges-
tive heart failure is slow to normalize after cardiac transplan-
tation . This abnormality may, in part, be related to physical
deconditioning and perhaps to the effect of cyclospoiine on
vascular reactivity.
Despite complete denervation, assumption of the upright
position resulted in a small but significant increase in the
heart rate of cardiac transplant recipients . The mechanism of
this heart rate acceleration is uncertain . It has been observed
(16,17) that subjects who received complete pharmacologic
sympathetic and parasympathetic blockade continued to
have a 5 to 9 beat/min acceleration of heart rate after a
change in posture from supine to upright . With the effect of
circulating catecholamines thus abolished, it seems likely
that there is an intrinsic cardiac mechanism for cardioaccel-
eration.
Hemodynamic responses to exercise . End-diastolic vol-
ume and stroke volume vary little during exercise in the
supine posture in normal subjects (5,18-24) . In upright
subjects, however, the initiation of exercise results in a
marked increase in both end-diastolic and stroke volumes
(7,13,23-25). During the late stages of exercise the stroke
volume does not increase further in the upright posture and
absolute values remain lower than with corresponding levels
of supine exercise . Because of the somewhat higher heart
rate during exercise in the upright position, cardiac output
remains comparable during supine and upright exercise .
Very few data exist regarding the differences in central
exercise hemodynamics in different postures; however, in 10
patients without demonstrable cardiac disease, Thadani et
al
. (7) found that pulmonary capillary wedge pressure
changed very little during exercise and remained sigmfi-
eantly lower during upright as compared with supine exer-
cise (6 to 13 mm Hg supine versus 4 to 8 mm Hg upright)
.
One major difference between normal subjects and trans-
plant recipients is the inability to augment heart rare daring
exercise. Studies by Sonnenblick et al . (26) during exercise
at a constant (paced) heart rate showed that cardiac output
and stroke volume increased dur':g exercise and that right
ventricular end-diastolic diameter increased . Benchimol et
al . (27) reported that exercise at a slower constant heart rate
resulted in a much higher increase in stroke volume that at
higher constant rates . Donald and Shepherd (28,291 showed
RUD.As ET AL .
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Figure 3. Theoretic end-diastolic pressure-volume relations in nor-
mal . failing and transplanted hearts based on coven and reported
exercise hemodl-namic data . S = supine exercise, U = upright
exercise .
that augmentation of cardiac output during exercise in de-
nervated dogs was primarily due to an increase in stroke
volume . The same mechanism has been found to be opera-
tional in heart transplant patients during early exercise
(5,30,31) . In the supine exercise group under study, the
marked increase in both right and left ventricular filling
pressures was typical of those previously reported (1-4).
Cardiac compliance after transplantation. The reported
studies of cardiac function and exercise hemodynamics in
heart transplant patients suggest abnormal cardiac compli-
ance and a ventricular pressure-volume relation shifted
leftward (Fig. 3). In several reports (5 .30,32) the left ventric-
ular end-diastolic volume of transplant recipients has been
shown to be significantly smaller (by up to 30%) than that of
supine normal subjects at rest . However, filling pressures at
rest are higher in transplant recipients than in normal sub-
jects (3,7,33) . During exercise, although end-diastolic vol-
ume increases by a greater amount than normal (4,5,30),
absolute left ventricular end-diastolic volume remains lower
in transplant recipients than in normal subjects, although the
reported pressures are clearly higher (3,4) . No data exist to
allow comparison of cardiac volumes of normal subjects and
transplant recipients during upright exercise
. However, as-
suming the end-diastolic volumes oaring exercise are com-
parable, the filling pressures in transplant recipients under
study were found to be higher than normal (7). Thus, for a
given ra •diac volume, regardless of posture, ventricular
filling
,,
ressures are higher than normal in the transplanted
heart. Further evidence that suggests abnormal cardiac
compl: trace after transplantation is the finding (Fig, 2) that
those •iatients with higher filling pressures in the supine
posture had the greatest decrease in filling pressures on
assuming the sitting position, implying cardiac function
along a steeper and left-shifted pressure-volume curve (Fig .
3)-
Of paramount importance in the cause of the abnormal
exercise hemodynamics is the denervated state of the heart
Heart tmlurn
Nnrmej
s I / u
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Figure 4
. Postulated mechanisms responsible for elevated ventric-
ular filling pressures during exercise in cardiac transplant recipients.
LV = left ventricular ; LVH = left ventricular hypertrophy
.
and blunted heart rate response to exercise . In normal
subjectss heart rate increases by approximately 35% (5,30)
very quickly after the initiation of exercise and the immedi-
ate increase
i-s
cardiac sympathetic stimulation increases
both inotropy and lusitropy (34,35). Because the chronotro-
pie response is impaired in transplanted hearts, the end-
diastolic volume, and thus the stroke volume, increases
much more than normal to maintain a near normal cardiac
output (5,30). As a result, there is a marked mismatch of
heart rate and venous return. This, in combination with
impaired myocardial relaxation resulting from denervation
(35), causes ventricular filling pressures to increase immedi-
ately with volume loading (3,6) and more markedly during
the early stages of exercise (3). As heart rate increases
during the later stages of exercise and the end-diastolic
volume plateaus (5,30), so do filling pressures . This hypoth-
esis accounts for the presence of abnormal exercise hemo-
dynamics both early and late after transplantation .
Other factors (Fig . 4) . may also play a significant role .
Graft injury certainly iufucnces hemodynamics early after
transplantation and may result in restrictive physiology (36) .
A mismatch of hearts from a small donor to a large recipient
may lead to inadequate preload reserve (4) and in some cases
pericardial constraint may also lead to abnormal rest and
exercise hemodynamics (3,33) . The effects of rejec 3n and
small vessel graft vascular disease could also lead to abnor-
mal cardiac compliance. The independent effect of hyperten-
sion on cardiac performance could not be determined in this
study because most patients were hypertensive and were
receiving antihypertensive therapy and therefore could not
be compared with a nonhypertersive cohort . Wt have
JACC Vol . 16, No . 6
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previously shown (30) that the radionuclide peak ejection
rate at rest is inversely related to mean arterial pressure and
probably does influence left ventricular performance. The
lower mean arterial pressure at peak exercise in the upright
exercise group may therefore have influenced the hemody-
namic results .
Another important limitation of this study is the absence
of concurrent cardiac volume data . Such data would help to
define pressure-volume relations in the transplanted heart
more accurately . With the current data only inferences
based on published reports can be made. Nevertheless,
despite apparent abnormalities of diastolic function, the
transplanted heart appears to function in a near-normal
manner in terms of left ventricular pressure-volume relation
during exercise in the upright posture, resulting in favorable
hemodynamics and thereby in the excellent functional ca-
pacity of most cardiac transplant recipients .
References
I . Stinson En . Griepp RB, Schraeder IS . Doug E Jr. Shumway NE.
Hemodynamic abservalions one and two years after cardhc Innsptanta-
lionin man. Circulation 1972 ;45 :1183-94.
2 . Campeau L, Pospisil L, Grondin P, Dyrda 1, Lepage G . Cardiac calhe-
terizalion findings al test and after exercise in patients following cardiac
transplantation. Am 1 Cannot 1970 ;21 :523-8.
3
. Pflugfelder nw McKenzie FN, Kestuk WJ . Hemodynamic profiles at
rest and during supine exercise after orthotopic cardiac Imnsplantation .
Am J Cardiol 1988b1 :1328-33.
4. Hoseapud JD, Morton Mh Wilson Rh, et al
. Abnornal exercise hens
dyne,.:= in cardiac. sllografl recipients I year after cardiac transplanta-
lion: relation to preload reserve . Circulation 1989;80 :525-32 .
5. PSugfelder PW, Purves PD, McKenzie FN, Kostuk WJ. Cardiac dynam-
ics during supine exercise in cyclasporine-icealed ortholopic heart Inns-
plant recipients : assessment by
radionuclide
angiognphy. J Am Con
Ceediol 1987;10:336-41.
6. Human PD, McKenzie FN, Kostuk WJ
. Restricted myocardial compli.
IACC Vol . 16. No . 6
November Is. IM: 3307-73
awe one year felinwing cardiac transplantation bean Transplanlahon
1984;3:341-5 .
1
. Thai V . Parker J0
. Hemodynamice at rest and during supine and
silting bicycle exerdte fn normal subjects . Am J Cordial 197041 52-9.
0. Ward Rl, Doneiger F. Eonica Jl . Allen GD . Tolas AG. Cardiovascular
effects of change of pasture
. Aeresp Med 196607'257-9 .
9. Unaligned S, Homgrea A . Jansson 11. The elect of body column on the
circulation at rest and during exercise, with special reference to Or
influenu on the stroke volume. Alga Physiol Scand 1960 :49279-98.
10 . Abbosd FM, Heinstad DD . Mark AL. Schmid PG . Reflex control of the
peripheral circulation. ProgCardsavau DIs 1976:18:371-493 .
If AbelmannWH,Fareedoddin00 Innreasedmlea
aofonhoet nrwee,
in patients with hears disease . Am 1 Laadiul 196921 :354-63 . a
12. Kral MantleB,TopicN .Hemooveamicditferencesbetween supine
land eprighlexerciseinPalms withcogestiveheart faihire ('irpdaiinn
1982:66 :820-5 .
13. Rubs SH, Cody RJ . Circulatory auloregolalion is chonic 'sogesnve
heart Failure: responses to head-up tilt in 41 patients. 3m J Cardiol
3983 ;532 :512-8 .
14. Arnold JMO, Imric JR, Squires PD, et al
. Delayed recovery of small
artery vasoconstriction following heart transplantation for severe heart
failure (shell. Circulation 1989:80(suppl III11-557,
15. Sinoway U, Mini 1R, Basin D. et aJ . Delayed mversal or impaired
vasoditalton in congestive hear fadhr &her heart transplantation . Am J
Cordial 1958;61 :1076-3 .
16. Robierson BF, EpsteinSE, BeiserGO, Btauawald E . Control ofhearrate
by rise autonomic .-an system
: studies io m on the interrelation
between baroreeeptor mechanisms and exercise . Circ Res 1906 :19:400-
11 .
17 . Erring DJ .HumaL .Campbe111W,Murray A,NeihunJMM .C1'arkeSF .
Autonomic mecAanisnw in tAc initial hired min mxponsc to standing .
J AppI Physid 1980;49:809-14.
18 . Smith BE, Ouyton AC, Manning D. While RI . Intein red meuhanisnta of
crtrdiovasculnr respaeen and-mad doon-gcxcrciea in the normal human .
frog Caodioeasc Din 1976 :18:421-42 .
I9. llnlnngneteA. Ioltraeltl
. Rosined T
. Circulatory data In normal subjects
at rest sand during concise in Incumbent position . with special reference
to stoke volume at differem wart intersbi&s, Aeta Physiol Scand
1960 ;49:343-63 .
20. tiolitl R, Cohen L5, [limo WC, Kirin MD. Lane Fl . Effect of supine
eaeeoise on left ventricular volume and oxygen consunpron in man.
Circulation 1965;32:361-11 .
21 . CaIdwell JH, Sieread DK . Dodge HT . Frimer M . Kennedy JW . Left
(CLDAS CT AL .
	
1371
TRANSPLANT HFMIlt YNAMIC5
venlncularsnhtmedsongma malsupineesrrcis-n :ueuynant.,rndnnic
epicardial markers. Cimularioe 197d'TtAll I.
22. Stein RA, hfichelli D . For EL, Krasnow N . Corrtinuous u:nleicular
dimensions in man during supine exercise and sruovery
. Am 1 Cardivl
1978 :41 :65560
.
23 . M
:myce DE, Kostuk WJ . Left and rigJn vamriculor function at rest and
during h . : ale e a the s,,Pat, and sitting posit anal
subjects an. :ions with coronary artery disease . Am 1 Cardiol 1983 :
11 11-IL
21. WangY,M :a,aallR1,ShepherdITThretfectofchangesinpanureand
of waded exercise on stroke refine in man . J Cin
looter
1999.99:1951-
61 .
_
11
Upton MT . Rerych SK, Reeback JR, rt at . Effect of 6rcf and prolonged
exercise on left ventricular funelion . Am I Ceeniel 1919 ;45 :1154-NJ.
26 . Sonnenblick EH, Beos nwald E . Williams 1F Jr, Glick G . Effects of
-ms, on myvexrdial force-verarny relahrve in mhrd ere esthetr rd
reinIron roles of changes In heart nre, sylepmhedc activity, andm on :
dimensions. I Clin lnvesl 1965 :44^151-61 .
21. Benchimol A . Li YR . Dimond EG. Cardioanaculardynaetics in complete
head birch at various heart rate, . Circa ,anot 196539:°42-53.
28. Donald DE, Shepherd IT. Initial cardiovascular adjustment tocxacirr in
dogs with chronic cardiac denervatian . Am 3 Physiol 1964
:207
:15-9
.
79 . Donald DE, Shepherd IT. Responses ro coeditor in dogs with eerdiae
denervauon . .An J 1113001 t9632A3993-4UD.
39 . Pflugfelder7W,PurverPD,MenkiuAH .McKeneieFN,KesteskWI.Rest
and exercise left ventricular ejection and tilling characteristics following
orhotopic cardiac transplantation . Can I Cordial 19895 :161-7.
31 . Pope SE . Stinsan EB. Daughters 1ST. Schronde: IS
. Ingels NB Jr.
,Alderman EL
. Exercise response of he denervmed heart in lonsrerm
cardiac transplant recipients. Am I Cardiel 1980:46:219-8.
32. Boron KM . Ncumann A. American 7W. Yanosb MH. Left ventricular
contractility and contractile reserve in humans after cardiac Imnsplanm-
tion. Circulation 1985.71 :866-72 .
33. Grecnbcrg ML, Urclsky BF . Ruddy PS. cr al . Loogterm hemodyoomio
follow-up of cardiac transplant patients treated with cyclaspoute and
piednnnne- Cimutalinn 1985 ;71 :487-94.
34 . Rtcci DR, Orick AE, Alderman E
., ct al, Rolc of tochycardla os an
inmropic stimulus in man . J rain Invest 1979 :63 :693-703.
35 . Monad N . Roletl EL. Relaxing effects or catecholamioes on mammalian
hean .J Physic Lord) l972:2l4 :3f7-58.
36. Davies RA. Kasha) A . Walley V, e1 al . Temporary diastolic rmlwnmpl4
wane with preserved systolic Jancltan after heart lrunsplanlmioo
.'1'ta-
plant Roc 1987 :19 :3444-7.
